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The genes for the hypothalamic hormones vasopressin a d oxytocin are located in close proximity to each other within 
the rat genome. They are separated by only approx. 11 kbp of DNA sequence and oriented in such a way that their 
transcription ccurs on opposite DNA strands. Although the two genes are structurally very similar including common 
potential regulatory elements in their putative promoter regions, they are expressed in discrete populations ofmagnocel- 
lular neurons of the hypothalamus. In rats placed under osmotic stress, the vasopressin gene is upregulated; concomitant- 
ly transcription f the oxytocin gene is also stimulated. To address the question of whether this coordinated rise in oxyto- 
cin-encoding mRNA is the result of switching on oxytocin gene transcription in vasopressinergic neurons, insitu hybrid- 
ization with double labelled cRNA probes was carried out. Biotinylated and [a-~sS]CTP labelled antisense cRNA probes 
specific for either vasopressin or oxytocin mRNA were constructed and hybridized tohypothalamic sections from salt- 
loaded rats. The results demonstrate that upregulation f oxytocin gene transcription is restricted solely to oxytocinergic 
cells; no oxytocin gene transcripts can be detected in vasopressinergic neurons. 
In situ hybridization; Double labeling; Oxytocin gene; Promoter region; Consensus sequence; Vasopressin gene regulation; 
Osmotic stress 
1. INTRODUCTION 
To date little information is available concerning 
transcriptional regulation of the genes encoding 
the hypothalamic hormones vasopressin and ox- 
ytocin. Rats placed under osmotic stress by drink- 
ing saline accumulate not only vasopressin but also 
oxytocin transcripts in the hypothalamus (reviewed 
in [1]). Conversely the two genes appear to be 
downregulated when rats are exposed to excess of 
serum vasopressin [2]. Another regulatory 
mechanism has been observed in certain cell types 
of the hypothalamo-pituitary xis where expres- 
sion of the vasopressin gene is negatively controll- 
ed by steroids [3-6]. Upregulation of the oxytocin 
gene has been observed in female rats during 
pregnancy and lactation [7,8] and in analogy to the 
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osmotic stress situation the vasopressin gene is 
concomitantly upregulated [8]. 
In man [9] and rat [10] both genes are closely 
linked on the same chromosome [11] and 
transcribed from opposite DNA strands, yet im- 
munological studies suggest hat vasopressin and 
oxytocin are produced in different sets of 
hypothalamic neurons [12]. This implies that in 
vasopressinergic hypothalamic cells the oxytocin 
gene is maximally suppressed, while in oxy- 
tocinergic ells the vasopressin gene appears to be 
dormant. Stress conditions such as thirst could 
either cause release of suppression of the oxytocin 
gene in vasopressinergic neurons or alternatively, 
could activate oxytocinergic cells, implying limited 
specificity of response. To test these possibilities, 
hypothalamic sections obtained from osmotically 
stressed rats were analyzed by in situ hybridization 
using double labelled cRNA probes specific either 
for vasopressin or oxytocin mRNA. The data 
demonstrate that even when the two genes are 
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upregulated the oxytocin gene is not transcribed in 
vasopressinergic cells. 
variamin blue was •tered and used to incubate the sections a  
4"C in the dark for 15 rain. The staining reaction was stopped 
by washing the slides with distilled water. 
2. MATERIALS  AND METHODS 
For constructing the oxytocin-specific oligonucleotide probe, 
a 190bp AvaI/BalI fragment of the p0A~EcoRI genomic 
subclone [13] was first cloned into the vector pUC8. Subse- 
quently, using the multiple cloning sites of the vector the frag- 
me~tt was excised by EcoRI and HindIlI restriction and cloned 
into the vector pSP64. This clone is referred to as pSPl0. The 
vasopressin-specifi¢ probe (230 bp pstI/DraI fragment; [13]) 
was cloned into the SmaI/PstI site of pSP65 and designated 
pSP2. pSPI0 and pSP2 both yield cRNA probes representing 
the anti-sense strand of their respective mRNAs. 
2.1. Preparation of ~SS-labelled cRNA 
Synthesis o f  labelled cRNA (spec. act. 5 x 10s-I x 
109 cpm//~g) was carried out according tothe SP6 polymerase 
protocol of Promega Biotec (Madison, WI, USA) using 117 pCi 
of [a-35S]CTP (spec. act. 37 TBq/mmol) and pSPl0 or pSP2. 
2.2. Synthesis and biotinylation of cRNA 
cRNA was synthesized from pSP2 or pSPl0 DNA in the SP6 
RNA polymerase reaction using 5'-(3-amino)allyluridine 
5'-triphosphate (ailylamine-UTP; Bethesda Research 
Laborato~ies~ Neu Isenburg, FRG) as described in the protocol 
by BRL. For RNA quantitation, [a-35S]CTP (spec. act. 
37 TBq/mmol) was included in the reaction mixture. The 
biotinylated probes were analyzed by spotting various amounts 
of RNA on a nitrocellulose filter followed by colorimetr~ assay 
using streptavidin and biotin-conjugated alkaline phosphatase 
of BRL DNA detection system. A positive signal was observed 
at 50 lag of the respective cRNA. 
2.3. In situ hybridization 
Preparation and fixation of the tissue was carried out as 
reported in [14]. Hybridization was performed in the presence 
of 4 ng of 3sS-labelled and/or 40 ng of'biotinylated cRNA 
probes as described [14], except that he final dehydration steps 
through ascending ethanol concentrations were omitted. 
2.4. Development of the sections 
2.4.1. Biotinylated probe 
Biotinylated signals were detected using a modification f the 
BRL DNA detection protocol. Unspecific binding was reduced 
by treating the sections with 1 ml buffer A (0.1 M Tris-HC1, pH 
7.5, 0.1 M NaCI, 2 mM MgCI2, 0.05% Triton X-100, 3% 
bovine serum albumin) at room temperature fo  1 h in a moist 
chamber. Following a 5 min wash with buffer A, sections were 
incubated with 100/~1 of streptavidin (BRL) in buffer A 
(2/~g/ml) for 20 rain in a moist chamber. The slides were wash- 
ed 4 x 5 min i  buffer A. Each section was covered with 100/d 
of biotinylated alkaline phosphatase (lpg/ml) in buffer A for 
20 min. The slides were wasfied 4 x 5 min with buffer A, then 
4 x 5 rain with buffer B (0..1 M Tris-HCl, pH 9.2; 50 mM 
MgC12). The colorimetric reaction was carried out using 
variamin blue as dye. A freshly prepared solution of 50 ml buf- 
fer B containing 25 mg a-naphthylphosphate and 50 mg of 
2.4.2. Radioactively labelted probe 
Dried slides were dipped into Kodak NTB-3 nuclear track 
emulsion dilnted 1:1 by 600 mM ammonium acetate [15] at 
42°C, dried and exposed up to two weeks. Autoradingrams 
were developed with Kodak chemicals and over slipped (Kodak 
protocol). 
3. RESULTS AND DISCUSSION 
F ig . lA  shows schematically the structural 
organizat ion of  the two hypothalamic genes for 
oxytocin and vasopressin. The overall sequence of 
the 18 kbp DNA segment (Schmitz, E., unpubl ish-  
ed) indicates the existence of homologous putative 
promoter egions at the 5'  -f lanking regions of the 
two genes. For  instance the promoter egion of the 
oxytocin gene (f ig.lB) contains several potential 
glucocorticoid (GRE)-[16] and estrogen-responsive 
elements (ERE) [17] upstream of the transcript ion 
start site, suggesting that this gene is under steroid 
control  (table 1). In this region the oxytocin gene 
also shares homology with a negative regulatory 
sequence moti f  (AGTGCATGACTGGGCAGC-  
CAGCCAGTGGCAG)  of the human polyoma- 
virus BK enhancer which binds a HeLa cell-specific 
potential  repressor [18]. This sequence lement 
overlaps partial ly with an ERE of  the oxytocin 
gene -91  to -72)  suggesting that positively and 
negatively acting protein factors may be involved 
in the expression of this gene. Similar potential 
regulatory sequence elements can be found in the 
Table 1 
The putative promoter region of the rat oxytocin gene contains 
several potential gincocorticoid (GRE)- and estrogen-responsive 
elements (ERE) upstream of the transcription start site 
GRE 5' 3' 
consensus GGTACANNNTGTTCT 
-2392 CGGTCTCCTTGTTCT -2406 
-2256 CTAAGCCCGTGTTCT -2270 
ERE 5' 3' 
consensus G G T C A N N N T G A C C 
-170 GGT GAC CT T GACC -158 
-112 GAACAGT T T GACC -100 
-92 CCTGGCTGTGACC -80 
The numbering indicates the position of he sequence starting 
upstream of the transcription start site ( -  1). The bold letters 
are in agreement with published GRE or ERE sequence motifs 
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3' / / [~: iaP l~.P~l~l~- - - -  s' 
vasopressin gene 
I ~11 kb  I 
~18kb 
B) GATCTGTGATTCAGGGT~AGAAGAG~a~TGTGCTTTG~A~TGG~CCAGCT~TTGAGGAG~a` GGCTGAT~AT/~G~CA -2401 
~AG~TTTTCCATCCT~T~TAGGGGCTGAGA~TGCATGTAGTGAGTGGGTCTCGGGGGCACTGGCTGTTACTTCT~CTGGATGTCGCAGGT -2301 
CACTTCTTAAGAGAG~CTGAGATGGAGTT~GAACACGGGCTTA(~CCCCA~CTCTATGGAAGAGAAGGGGTGGG~AACTAGAACCAGTATGCAGACCT~ -2~i  
AGCTAACCCAAAGCCCAAAGCTGACATGCAGTTGGGGTGCCCAGCATTCGTACCAAAGTGGACCAACCATTATATGTGGACACCTGGGAAGGGCCAGGTG -2101 
GCTTTCTG~AGcTAAGA~CAcA~cCAG~cAc~ATGGCAAGTGT~TT~TTAAA~AGGGGcCTAGGTA~CTGGCACGGTGGTA~A~AG~A~TTTGGGAG -2001 
G•AGGGGGAT•G•TGTGAGTTCAAGCc•AGc•TAGTCTACA•AGACAGTC•CAGGTCAA•TAAGAGT•TATCTCAAAA•AAAATAAAAcGAcT•TGGATA -1901 
ATGCTTCTCCTTTCTTTTAAATGTTTTTAGGTCTATTTATTTTATTTTATGTGTC~AACGTTCTGCCTGCAAGTGTGTAATGCACTATTTGGGTACTGG -1801 
CT~ACTGG~TGGGATAAGTGATGTGAG~AC~TG~GGTG~TGGGAAT~AAACCTAGGACTTCTGcAAGAG~AA~AA~A~TGAG~AGTT~T~ -1701 
CAGCCCTGAGATGGT~GATATTAAGA~GGGcCcAGTGGAAGATcTTCCAGTCACTGAGGGcAAGccTTGAAGGGAGcAGTGAGAccTTGGTCTcTccT  -1601 
GGTGATCTGTTTTCGATTTCT~AGCCGTCAAATGAAGAGGTTGAGGCTCCCATGTCTTCCTGCCATGGTTTGTCTGTGTCTTTATTT~TTTTGGTTTTG -1501 
CTTTTGTTTTTTTGTGTAGCCCAGGCTGGCcTGGAA•TAGGT•TGTAGAC•AGG•TGG••TGGAA•T•ACAGA•ATTCT•CTG••T•TGC•T••TGAGTT -1401 
CTGGGATTAAAAGTTTGCAT~A~TGT~A~CGTGG~TTAATGTGCATTTCATTTTAAACTGTATT~AAA~AAAAT~AAGGAG~TGGGGAGATGG~TTAA -1301 
TGGTTAAGT~TG~A~ACTGCTCTTG~AGAATT~TGAATTTTGTT~CCAGCA~C~ACATAGGC~TACT~ATGAT~CTTT~TGA~AG~T~TGGGGATA -1201 
C~CATCCTCTTCTGGTTGCCAAGGAAACCTGTGTACACAAACATACACACAAATAAAAGTT~AATTTAAAGCAAA~ACTGT~CCAAAATGTCTTGCT -1101 
ACCACCATGCTGGGGACTGGACCCAAGGTCTCTCACACACTAGGCAGGCAGTCTGCTAC~AGCTGCATGTAGCATTCTTCCCATGCAGACCTATGCAGG -1001 
CCTGCAGCCCAACCCTGA~TGC~ACACGAGATGCCTAGTTGTATGT~CTAAAATGGGCCACCATTACATG~GCCACCAGGAAGGGTATGGCCTTAGGA - 901 
CAAATGGCTCTCTGTAGCTGAGGCCGCCTGTTGGCCACGCTCAAGCAGCTGATGGCCTG~TT~CTCAAACGGGAGTGTAGGTACCTAGCATTTGGGAG - 801 
GCAGAAGCAAATAGAT~A~TGAGTT~AAGGCCAG~CTGGT~CTCATAGC~AGTTCT~ATACAGAGTTTTAAAGAGTT~AAAGTTATTTATTATATAT - 701 
AAGCACATTGTAGCTCTCT~AGACACACCAGAAGAGGGCATCAGATCCCA~ACAGATGGTTGTGAGCCACCATATGGTTGCTGGGATTTGAACTCAGG - 601 
GCCTTTGGTAGAGCAGTCAGTGCTCCTAACCACTGAGCCATCTCTCCAGCCCTAATACAGAGTTGTAAGTGCAAG~TGATTTTTCCTTTTATTG~ATT - 501 
TTTCTTTCTTT~ACTTTATTTTGGTCTGTT~TTGTGTTTTTGGGTTTGATTTCTACTGATATTTTGTTTTACGGGCTAGTTAGAAGAAGGGCTGA~CT - 401 
GCACTCAGAGATTGAAC~GATCCTTTTCCCCATCTAAGCTTTAGATCCACGTAAGGGCTTCCTCA~CCACTTGCGCTATCCAACCTCATTCTGAGGTAT - 301 
TGGATTTCTATGAAAAAACAGCTCTTGGCTA~CTGCACCTCTACCCCCTCCAAGTCTCTTTATCCTCTTGTAGCTTAGGCCTCCCCTTCTAGGCTGTGT - 201 
CCCTTTTGAGCTCAGGTCATTAGCTGAGGC~GACcTTGACC~CAGCCCAGACCCTGC~AATGAAGGGCC~CTTCTAAACAG~T~AACAGTTTGAC - I01 
~CAAGAG/~CTGGCTGTGACf~%GTCATGCAGTCACCCTCTTAGACTGGGCCCCACCATGGCAG~GACAAG~GGTCGGTCTGGGCTGGAGAA - 1 
ACCATCACCGACGGTGGATCTCGGACTGAACACCAACGCCATGGCCTGCCCCAGTCTCGCTTGCTGCCTGCTTG~CTGGCTCTGACCTCCGCCTGC + 100 
M A C P S L A C C L L G L L A L T S A C  
TACATCCAGAACTGCCCCCTGGGCGGCAAGAGGGCTGCGCTAGACCTGGATATGCGCAAG•TGAGTCTCCCCGACGCCATCCCGTCCCGTTCTGGCAAGG + 200 
Y I Q N C . P L G G K R A A L D L D M R K  
CTAAGGACCAGAGATGCTCTCCCACCTTCAGAGAGCATCCCCTCACACTTGCCAGCCCTACGCGGCCTCGCATGGG~CC~GGAGCTCCCTCTTGACGCC + 300 
GTGAAGGCACGCTGTCCCTGCCCCACCACAGTCCCGATA~GATTGTGCACAGCGCCCATCCGCGTCTTTCCCCCCGCAGTGTCTTCCCTGCGGACCCGG + 400 
C L P C G P G  
CGGCAAAGGGcG~TGCTTCGGGCCGAGCATCTGCTGCGCGGACGAGCTGGGCTGCTTCG~GGCACCGCCGAGGCGCTGCGCTGCCAGGAGGAGAACTAC + 500 
G K G R C F G P S I C C A D E L G C F V G T A E A L R C Q E E N Y  
~TGCCCTCGCCCTGCCAGTCTGGCCAGAAGCCTTGCGGAAGCGGAGGCCGC~CGCCACCGCGGGCATCTGCTGTAGCCCGGGTGAGCAGGAGGGGGCCT + 600 
L P S P C Q S G G K P C G S G G R C A T A G I C C S P D  
AGCAGGACCGAC~GGCAGGGAGCCGTCGGGTTTGC~CTCAGGCCAC~ACCCATTTCTCTTGCAGATGGC~CCGCA~CGACCCCGCCTGCGACCCTGA + 700 
G C R T D P A C D P E  
GTCTGCCTTCTCCGAGCGC~AGCCCTGCTTTGTGATGATACCTTTAGGGCGCTTCCTTCGTTCCCCATGGCCACTACCAGAAAAAAATTAAAAAAAAAA + 800 
S A F S E R  
CATAAATAAATAAATAAAGCAGATTTCCTTTTC + 833 
Fig. 1. (A) Schematic representation of the organization of the rat oxytocin and vasopressin gene. O, oxytocin; NP, neurophysin; GP, 
glycopeptide; V, vasopressin. (B) Sequence of the rat oxytocin gene with its putative promoter region (sequence has been submitted 
to the EMBL data library under the accession no. X12792). For sequencing [19,20], genomic DNA restriction fragments were 
subcloned into MI3 and Bluescript plasmids; sequence was determined completely on both strands. GRE, ERE and the modified 
TATA sequences are boxed. A putative interferon-responsive enhancer sequence ( -1593 to -1579) is underlined [21]. There are 
multiple octanucleotide nhancer sequences (ATGCAAAT/C) [22] at positions - 1381 to - 1388, - 1333 to - 1325, - 145 to - 136. 
Fig.2. In situ hybridization of hypothalamic tissue sections through supraoptic (C,F,G,H), paraventricular (B,D,E) or suprachiasmatic 
nucleus (A) from normal rats (A-E) or rats loaded with 207o saline for seven days (F-H) to vasopressin- and oxytocin-specific cRNA 
probes labelled with biotin or [a-35S]CTP. In A, B, C and F, sections are double labelled: biotinylated and asS-labelled V-specific 
cRNAs (A), biotinylated and 35S-labelled O-specific cRNAs (B); biotinylated V-specific and 35S-labelled O-specific cRNAs ((2); 
biotinylated V-specific and 3~S-labelled O-specific cRNAs .(F). (D) Biotinylated O-specific and 35S-labelled V-specific cRNAs, this 
section was photographed before the slide was dipped into emulsion; (E) same section as in D labelled with ~SS-specific V-cRNA. ((3) 
Biotinylated V-specific and 35S-labelled O-specific cRNAs, the section was photographed before the slide was dipped into emulsion; 
(H) same section as in G showing the ~ss-labelled O-cRNA. Thick bar, 20/~m; thin bar, 100/~m. The arrows point to examples of 
single ceils showing signals with the 35S-labelled probe but not with the biotinylated cRNA. V, vasopressin; O, oxytocin. 
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promoter region of  the vasopressin gene (Mohr, 
E., unpublished) which agrees with the finding that 
upregulation of  one gene concomitantly affects ex- 
pression of  the other [1-8]. 
To address the question of  the cellular specificity 
o f  oxytocin and vasopressin gene transcription and 
their upregulation in osmotically stressed rats, we 
designed double labelled cRNA probes labelled 
either with biotin or [a-~SS]CTP, these being 
specific respectively for vasopressin and oxytocin- 
encoding transcripts. In situ hybridization of  sec- 
tions through the supraoptic nucleus o f  saline- 
exposed rats compared to control rats is shown in 
fig.2 (A -H) .  In neither case was colocalization of  
the two transcripts observed in one and the same 
neuronal cell, supporting the earlier im- 
munological data which suggested that the two 
peptides were present in mutually exclusive sets o f  
neurons [12]. Identical results were obtained with 
sections through the suprachiasmatic and paraven- 
tricular nucleus (not shown). These data imply that 
the osmotic stimulus causing the upregulation o f  
the two genes cannot trigger activation of  the sup- 
pressed oxytocin gene in vasopressinergic cells but 
in contrast does stimulate oxytocin gene transcrip- 
t ion in oxytocinergic cells. It would be of  interest 
to see which factor(s) and regulatory sequence 
elements of  the two genes are involved in their sup- 
pression and stimulation. 
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